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Energy  devices.  The  EMT  employs  pulsed  miniature  solenoids  which 
convert  electrical  power  into  mechanical  energy  for  advancing  a 
ratchet  wheel  and  gear  train,  thus  accomplishing  the  mechanical 
arming  stroke  of  a  fuze  rotor,  A 1 1  electrical  power  for  the 
arming  event  can  be  derived  frdu\un  external  environmental  source 
such  as  a  slipstream,  fluidic,  or  acoustic  generator.  Models  of 
the  EMT  ha^e  been  successfully  powered  by  a  FZU-32/R  Airstream 
Generator.  Provisions  for  thermal  battery  initiation  are  also 
readily  incorporated.  The  EMT  requires  appropriate  electrical 
energy  througho.  the  entire  arming  period.  Interruptions  of 
prime  power  due  t.  non-sus tained  environmental  conditions  cause 
restoration  of  the  EMT  to  the  safe  condition,  thus  preventing 
fuze  arming  due  to  anomalous  deployment  conditions  or  possible 
interference  sources.  The  EMT  can  be  implemented  to  respond  only 
to  external  logic  commands  or  codes,  and  can  also  be  time  syn¬ 
chronized  by  an  external  frequency  source  or  clock.  A  mechanical 
time  setting  feature  can  also  be  readily  incorporated.  The  EMT 
can  be  exercised  through  its  entire  cycle,  electrically  powered 
externally  and  reset  to  the  safe  condition.  Satisfactory  EMT  per¬ 
formance  has  been  demonstrated  over  the  temperature  range  from 
-65°F  to  220°F  and  when  subjected  to  aircraft  vibration  levels  and 
cycling  time  durations  as  specified  in  MIL-STD-810C,  Method  514.2, 
Curves  D  and  H  from  Figure  514.2-2.  Prototype  timers  have  been  de¬ 
livered  to  the  Sponsor  for  evaluation.  The  unique  EMT  developed 
durinq  this  program  fully  complies  with  all  the  requirements  of 
MIL-STD-1316 ,  and  thus  represents  an  improvement  in  fuzinq  sta^e- 
of-the-art. 
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by  KOI  Precision  Products,  Inc.,  3975  McMann  Road,  Cincinnati, 
Ohio  45245  for  the  Air  Force  Armament  Laboratory  (AFATL) ,  Eglin 
Air  Force  Base,  Florida  under  Contract  F08635-75-C-0061. 

Technical  guidance  and  program  direction  were  provided  by  Mr. 
Richard  Mabry  and  Cnpt.  John  Violini  of  AFATL. 
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publication. 
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SECTION  I 


INTRODUCTION 

This  report  documents  the  design  and  development  <  i  an 
inherontly  fail-safe,  electro-mechanioal  timer  (EMT) ,  ;ompat- 
ibie  with  the  requirements  of  MIL-STD- 1316 ,  and  suitable  for 
missile  and  bomb  fuze  applications.  Present  fuze  tir*r 
mechanisms  exhibit  failure  modes  that  can  permit  tinr.  ig  cycle 
completion  earlier  than  intended.  Since  fuze  timing  mechanisms 
are  generally  employed  to  prevent  initiation  of  an  explosive 
firing  train  prior  to  a  preselected  safe  arming  time,  early 
’-'uncti oning  can  introduce  safety  hazards  to  personnel  and  to 
the  delivery  vehicle.  The  EMT  features  an  inherently  fail-safe 
design  preventing  failure  modes  which  cause  arming  prior  to  an 
established  minimum  safe  time.  This  unique  design  offers  the 
versatility  and  accuracy  of  an  electronic  timer  while  main¬ 
taining  the  safety  features  of  a  mechanical  timer. 

MIL- STD-1316  requires  the  arming  of  weapon  system  fuzes 
to  be  dependent  upon  environments  associated  with  their  deploy¬ 
ment,  to  insure  the  maximum  degree  of  safety  to  personnel  and 
delivery  vehicles.  Sustained  air  flow  around  the  munition 
projectile  represents  one  distinctive  and  measurable  environ¬ 
mental  parameter  commonly  employed  for  fuzing.  All  power  for 
the  arming  event  can  be  derived  from  an  external  environmental 
energy  source  such  as  a  side-well  (slipstream),  fluidic,  or 
acoustic  electric  generator.  The  EMT  is  therefore  designed  to 
operate  when  powered  from  an  alternating  current  environmental 
energy  source.  However,  the  power  circuits  of  the  EMT  are 
easily  modified  to  accept  direct  current  voltage  source  inputs 
such  as  thermal  batteries.  Versions  of  the  EMT  have  been 
successfully  interfaced  with  the  FZU-32/B  Airstieam  Generator. 

The  EMT,  shown  in  Figure  1  with  and  without  its  hermetic 
seal  cover,  has  been  configured  to  fit  in  the  standard  bomb 
fuze  well.  Employing  no  stored  energy  devices,  the  EMT  utilizes 
pulsed  miniature  solenoids  which  convert  electrical  power, 
derived  from  the  environmental  power  source  of  the  in-flight 
munition,  into  mechanical  energy  which  advances  a  ratchet  wheel 
and  gear  train  to  accomplish  the  arming  stroke  of  a  mechanical 
rotor.  The  mechanical  energy  derived  from  repetitive  solenoid 
operation  is  accumulated  on  a  rotor  spring  which  provides  all 
the  energy  required  tor  arming,  provided  the  gear  train  has 
advanced  to  the  commit- to-arm  position. 

The  EMT  requires  the  integration  of  electrical  energy  over 
the  entire  arming  time  in  order  for  proper  arming  to  occur. 
Inte-ruption  of  prime  power  due  to  non-sustained  environmental 
conditions  retracts  the  solenoids,  releasing  the  gear  train, 
which  causes  the  energy  accumulated  on  the  rotor  spring  to 
counter-rotate  the  near  train  to  the  zero-time  or  start  (safe) 
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Figure  1.  EMT  Assemblies 


position.  When  electrical  power  is  restored  to  the  EMT,  the 
complete  t i:\inn  cycle  must  be  experienced  to  effect  arming. 

This,  non-accumulation  of  arminq  time  prevents  the  hazards  of 
erratic  power  application  caused  by  anomalous  conditions,  false 
start*,  lightning,  or  other  interference  sources. 

The  EMT  also  facilitates  timing  cycle  initiation  by 
external  logic  commands  or  codes,  with  the  option  of  timing 
synchronization  by  an  external  frequency  source  or  digital 
clock  signal.  The  mechanical  system  of  the  EMT  can  be  reset 
to  the  safe  condition  by  externally-applied  electrical  power, 
thus  permitting  complete  operational  checkout,  test,  and  reset 
of  the  hermetically  sealed  unit. 

Possible  failures  in  the  EMT  or  in  the  application  of 
electrical  power  from  the  remote  environmental  source  will 
return  the  EMT  to  the  safe  condition.  Under  no  circumstances 
can  the  EMT  arm  in  less  time  than  a  prescribed  minimum  mechan¬ 
ical  arming  time  for  which  the  EMT  is  designed  to  assure  safe 
separation  from  the  delivery  vehicle.  Furthermore,  the  minimum 
arming  time  can  be  selected  by  a  mechanical  setting  mechanism 
to  optimize  the  safety  and  arming  parameters  for  the  particular 
weapon  system  or  specific  deployment  conditions. 

Reliable  fail-safe  operation  has  been  demonstrated  with 
the  EMT  subjected  to  extreme  environmental  conditions.  Satis¬ 
factory  EMT  performance  was  achieved  over  the  temperature  range 
from  -65°F  to  220°F  and  when  tested  at  aircraft  vibration  con¬ 
ditions  as  specified  in  MIL-STD-810C,  Method  514.2,  Curves  D 
and  I!  from  Figure  514.2-2. 

Prototype  timers  have  been  fabricated  and  delivered  to 
the  Sponsor  for  further  evaluation.  The  unique,  inherently  . 
fail-safe  electro-mechanical  timer,  demonstrated  during  this 
program,  promises  to  comply  fully  with  all  the  requirements  of 
MIL- STD- 1316  while  offering  accuracy  and  versatility  for 
numerous  bomb. and  missile  fuzing  applications. 
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SECTION  IT 


TECHNICAL  DISCUSSION 

1.  PRINCIPLE  OF  »  ?  OPERATION 

The  EMT  transforms  electrical  power  from  a  renote  source, 
such  as  a  side-well  generator,  to  mechanical  enerqy  which 
drives  a  timing  mechanism  and  appropriately  moves  an  explosive- 
loaded  rot.or  into  firing  train  aliqument,  thus  arming  the  -uze. 

A  simplified  block  diagram  of  the  EMT  is  shown  in  Fiqure  2. 
Electrical- to-mechanical  enerqy  trans formation  is  accomplished 
by  miniature  solenoids  which  provide  a  mechanical  stroke  whan 
electrically  pulsed.  The  solenoid  stroke  drives  a  pawl  which 
engages  a  ratchet  wheel  coupled  to  an  escapement  near  train, 
timing  disc,  and  rotor  spring.  A  complete  solenoid  stroke 
engagement  and  withdrawal  is  required  to  effect  a  one-tooth 
rotation  of  the  ratchet  wheel.  A  hold  pawl,  energized  by  a 
second  solenoid,  engages  the  ratchet  to  prevent  counter-rotation 
as  the  solenoid  drive  pawl  is  disengaged  from  the ' ratchet  wheel. 
Successive  drive  solenoid  strokes  advance  the  ratchet  wheel 
and  gear  train,  thus  rotating  the  timing  disc  and  winding  the 
rotor  spring. 

Rather  than  gradually  moving  the  rotor  into  alignment,  a 
snap-action  move  is  desired  for  positive  in-line  out-of-line 
transfer.  Therefore,  the  rotor  is  restrained  by  a  ball  Iocs 
until  the  timing  disc  rotates  120  degrees  whereupon  the  arming 
rotor  is  released  and  abruptly  driven  and  locked  into  the  in¬ 
line  position  by  the  wound  rotor  spring.  Thus,  fuze  arming  is 
accomplished. 

Arming  time  can  be  controlled  by  the  electronic  drive  signal 
characteristics  which  can  be  established  within  the  EMT  or  can 
be  programmed  by  an  external  synchronizing  source.  Any  failures 
or  interruption  in  the  application  of  power  to  the  EMT  will 
result  in  return  of  the  EMT  gear  train  tc  the  initial  time-set 
condition. 

The  EMT  can  be  completely  functioned  through  its  timing 
cycle  and  reset  to  the  safe  starting  condition,  thus  facilitat¬ 
ing  complete  exorcise  of  ail  units  prior  to  tactical  deployment. 

2.  IMPLEMENTATION  CONSIDERATIONS 
a.  lenenl  Considerations 

Sponsor  requirements  initially  established  0 .  1  watt  as  the 
input  power  design  criterion,  and  although  size  was  not  speci¬ 
fically  defined,  -••xrp.it  ioilit-y  with  typical  i  uze  well  installa¬ 
tion  guided  over a  !  timer  dimensions.  However,  power  limitations 
were  sul.  lequently  relaxed  in  the  second  urogram  phase  to 
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facilitate  incorporation  of  powerful  solenoids  for  the  achieve¬ 
ment  of  a  rugged  demonstration  model  compatible  with  potential 
missile  application. 

Implementation  of  the  drive  and  hold  solenoids  and 
associated  electronics  involves  careful  consideration  of 
several  design  parameters  in  addition  to  available  electrical 
power  and  component  size.  Important  features  include  mechan¬ 
ical  force  requirements,  stroke  length,  response  time,  at-rest 
inertia,  and  travel  momentum.  Interfaces  with  the  mechanical 
gear  train  and  rotor  mechanism  are  complicated  by  the  increasing 
load  presented  by  the  rotor  spring  being  wound  as  the  ratchet 
wheel  is  advanced. 

b.  Balance  Mechanism 

Environmental  factors  such  as  shock,  vibration,  and 
temperature  extremes  also  pose  important  criteria  for  timer 
implementation  consideration.  Therefore,  both  the  drive  and 
hold  solenoids  apply  a  translational  force  to  a  balance  mech¬ 
anism  which  is  incorporated  to  counteract  gravitational, 
vibrational,  and  aerodynamic  forces.  This  design  technique  is 
illustrated  in  Figure  3.  The  drive  solenoid  is  repetitively 
energized  to  rotate  the  ratchet  wheel  one  tooth.  The  rate  at 
which  the  ratchet  wheel  can  be  advanced  is  controlled  by  the 
balance  mechanism  return  spring.  This  sprinq  directly  deter¬ 
mines  the  mechanical  resonance  of  the  balance  mechanism  and 
correspondingly  influences  the  time  required  for  the  drive 
solenoid  to  rotate  the  ratchet  wheel  a  single  tooth.  Thus, 
the  maximum  rate  of  advancement  of  the  gear  train  is  controlled 
by  the  physical  parameters  of  the  balance  mechanism. 

c.  Electronic  Drive 

Initially,  the  electronic  signals  to  control  the  drive  and 
hold  solenoids  were  provided  by  a  fixed  electronic  time  base 
generator.  However,  it  was  impractical  to  establish  a  simple 
ti.no  base  circuit  which  would  assure  reliable  EMT  operation 
throughout  the  range  of  mechanical  Load  variations,  electrical 
variables,  and  environmental  effects.  In  addition,  fail-safe 
performance  was  unsatisfactory. 

Therefore,  the  FMT  was  designed  to  employ  electronic  drive 
circuitry  vaich  was  controlled  by  the  actual  movements  and 
positions  of  the  solenoids.  The  electrical  drive  functions 
were  care f u 1 Lv  integrated  with  the  solenoid  and  mechanism 
character'  t:':s ,  rosulhina  i;i  synchronization  between  electri¬ 
cal  drive  nul  mechanical  response  which  facilitates  optimiza¬ 
tion  of  system  performance,  in  particular  fail-safe  capability. 

'Vo  i  •ally,  the  pulsing  signals  to  the  drive  solenoid 
•iust  be  rollci  by  the  actual  mechanical  position  of  the 
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drive  pawl  with  respect  to  the  ratchet  wheel  to  assure  maximum 
■»r  ficiency  arid  performance  reliability.  An  energizing  signal 
can  be  provided  to  the  drive  solenoid  only  when  the  drive  pawl 
is  fully  extracted,  and  this  signal  must  be  discontinued  when 
the  pawl  has  engaged  the  ratchet  wheel  and  has  stroked  the 
wheel  to  advance  the  timer  one  tooth;  The  drive  pawl  is  then 
extracted  to  the  original  position  by  a  return  spring  attached 
through  mechanical  linkages  to  the  solenoid  core.  This  action 
completes  one  cycle  of  the  electrical  time  base,  at  which  time 
another  in-stroke  is  initiated  and  the  timer  is  advanced 
another  tooth,  lienee,  variations  in  mechanical  load  due,  for 
example  to  the  rotor  spring  wind  up,  are  compensated,  as  are 
electronic  time  base  inconsistencies,  since  the  application 
of  power  to  the  drive  solenoid  is  synchronized  with  its  actual 
stroke  position.  Thus,  reliable  timer  operation  is  achieved 
for  all  dynamic  conditions  actually  experienced.  Approximately 
90  percent  of  the  total  work  that  the  solenoid  performs  to 
supply  the  required  input  shaft  torque  is  expended  in  extending 
the  pallet  return  spring.  This  charged  spring  supplies  the 
restoring  force  for  the  pawl  pallet  linkages,  while  simultan¬ 
eously  providing  mechanical  control  of  the  in-stroke  time. 
Fail-safe  operation  is  achieved  by  allowing  the  mechanical 
system  restoring  forces  and  load,  interacting  with  the  magnetic 
forces,  to  constitute  the  major  control  of  the  operating  tine 
base. 

(1)  Mechanical  Position  Switches 

Mechanical  position  switches,  actuated  by  a  moving  contact 
integral  to  the  drive  pallet  assembly,  provide  the  necessary 
position  feedback  information  to  the  electronic  circuits.  These, 
switches,  properly  designed, afford  the  most  practical  approach 
to  position  sensing.  A  small  actuator  of  insignificant  mass 
is  required  to  implement  the  switching.  The  resulting  switches 
are  readily  adjustable,  easily  packaged,  fast  reacting,  and 
accurate  in  determining  the  position  of  the  mechanism.  Several 
alternate  position  sensing  techniques  were  investigated  during 
the  program,  including  optical  and  magnetic  sensors.  Distinct 
limitations  (outlined  below)  were  evident,  discouraqing  EM7 
incorporation  at  this  time,  although  continued  state-of-the-art 
advances  in  applicable  component  technologies  can  be  expected 
to  improve  their  potential  utility. 

(2)  Optical  Position  Sensors 

Presently  available  optical  sensors  require  high  emitter 
and  detector  bias  currents  to  achieve  satisfactory  operation 
over  moderate  temperature  ranaos,  seriously  impacting  EMT 
power  source  requirements.  Degraded  and  marginal  performance 
is  exhibited  at  the  upper  tent o rat ure  extremes.  Manufacturers 
of  the.  «  •  i«*v: cos  would  not  guarantee  the  performance  of  existing 
switches  i  cJi  not  we:  *h“v  willing  to  undertake  efforts 


to  dev.  lo;>  a  switch  with  this  performance  capability.  Further¬ 
more,  voltage  amplification  is  required  after  the  detection 
stage  to  provide  compatibility  with  conventional  digital  logic 
•ircuits,  resultin':  in  added  circuit  complexity  and  increased 
•oat,  with  reduced  reliability.  The  large  size  of  existing 
switch  configurations,  coupled  with  the  need  to  provide  a 
milky  actuator  mechanically  initiated  from  the  pallet  assembly, 
presented  packaging  design  problems.  The  increased  solenoid 
force  requirements-  necessitated  by  the  added  moment  of  inertia 
of  the  actuator  .it  the  pallet,  aggravated  solenoid  size  and 
prime  power  demands.  Therefore,  the  extensive  effort  required 
for  tne  incorporation  of  optical  switches  in  the  EMT  at  this 
time  was  abandoned  in  favor  of  concentrating  on  more  fundamental 
program  goals. 

(1)  Magnetic  Position  Sensors 

Magnetic  switches,  operating  on  the  Hall  Effect  principle 
of  magnetically  induced  voltages  in  biased  crystals,  were 
investigated  for  applicability  to  solenoid  oosition  sensing. 

The  major  impediment  presented  by  these  devices  is  the  ambiguity 
in  position  sensing  due  to  the  inherent  hysteresis  of  the  mag¬ 
net  materials.  Furthermore,  high  levels  of  magnetic  intensity 
ire  required  to  reliably  exceed  the  minimum  thresholds  of 
these  devices,  necessitating  relatively  large  and  heavy  magnets 
located  integral  to  the  pallet  assembly.  This  increased  moment 
of  inertia,  demanding  increased  solenoid  forces  to  function, 
the  resulting  prohibitive  size,  coupled  with  the  position 
sensing  ambiguities,  precluded  use  of  magnetic  switches  for 
this  application. 

1.  DETAILED  DESCRIPTION 

i.  Physical  Description 

Configured  to  fit  in  the  standard  3- inch  bomb  fuze  well, 
the  initial  EMT  design  occupies  25.32  cubic  inches,  having  a 
2. 875- inch  diameter  and  length  of  3.902  inches.  The  hermeti¬ 
cally  sealed  unit  weighs  2  pounds,  3  ounces.  Detailed  assembly 
draw’. nq ,  Figure  4,  depicts  the  major  components  of  the  EMT. 

The  corresponding  timer  parts  are  tabulated  in  Table  1.  Figures 
through  8  provide  different  views  of  the  EMT  hardware  to 
l Hurt  rate  the  assembly  details. 

A  window  in  the  hermetic  cover  provides  a  visual  inspec¬ 
tion  port  to  determine  the  fuze  rotor  position.  The  green  dec 
indicates  the  safe  condition  and  the  red  dot  indicates  the  a i ! 
position  of  the  rotor.  A  seven-pin  hermetic  connector  accom¬ 
plishes  the  electrical  interfaces  for  external  powering,  safety 
monitoring,  and  reset  after  exercising,  as  well  as  optimal  time 
synch roni zation  and  coded  command  initiation. 
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Figure  4. 
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TABLE  1.  EMT  PARTS  LIST 


Part  Number 

Description 

111148 

Plate  No.  1 

111099 

Clutch,  beset 

111158 

Gear,  Drive 

111158 

Gear,  Drive 

111100 

Clutch  Drive 

111088 

Pinion,  Drive 

1  11157 

Gear,  Drive 

111076 

Disc,  Timing-Rotor 

111092 

Shaft,  Timing  Disc 

111127 

Block,  Detonator 

111083 

Spring,  Rotor  Arminq 

111124 

'  P.w.  Board,  Rotor 

111075 

Rotor 

111086 

Shaft,  Rotor 

111146 

Spacer 

111090 

Pinion,  Reset 

111078 

Bellows 

111105 

Retainer,  Clutch  Pivot 

111104 

Retainer,  Clutch  Pivot 

111103 

Rod,  Clutch  Reset 

111102 

Sleeve,  Reset  Rod 

111118 

P.W.  Board  Mounting  Post 

1U147 

Spacer 

111085 

Pillar 

111108 

Slider,  Spring  Mounting 

111154 

Spring,  Solenoid  Return 

111107 

Block,  Spring  Adjust 

111160 

Contact,  Bold  Solenoid 

Switch 

111161 

Contact,  Hold  Solenoid 

Switch 

1 1 11<)  2 

P.W.  Board,  Hold  Solenoid 
Switch 

111123 

Contact  Spring,  Rotor 

111119 

Lug,  Terminal 

1 1  LI  1 1 

Switch,  Housing,  Rotor 

111095 

Pin,  Clutch 

111098 

Spring,  Clutch 

111094 

Pivot,  Clutch 

1 11 09  ^ 

Shaft  ,  Clutch 

111101 

Dearinq,  Sleeve 

1 1 1 1  19 

Plate  No.  2 

111  125 

P.W.  Board 

VH7/4AG15 

Connector,  Electrical 
(Vi k inn' 

111145 

Spacer 

11115'* 

Plate  No.  i 

111138 
11112H 
111153 
111134 
11111:' 
111114 
111113 
11 11  If 


111091 
111132 
1110  30 
111031 


Doscriot ion 


Regulator  Screw  (Mod) 

Cuido  Block,  Hold  Pawl 
Armature,  Solenoid 
Pivot  Pin,  Armature 
Housing,  Solenoid 
Coil  Assembly,  Solenoid 
Front  Plate,  Solenoid 
End  Plug,  Solenoid 
Screw,  Pan  Head,  0-80x1/2 

ig 

Pin,  Pallet  Pawl 
Pawl,  Ratchet  Wheel 
Insulator 
Terminal 

Wire,  Type  E  (Belden) 
Regulator,  Screw 
P.W.  Board,  Limit  Switch 
Contact,  Limit  Switch 
Shaft,  Ratchet  Wheol 
Pinion,  Ratchet  Whael 
■  Ratchet  Wheel 
Plate  No.  4 
Mounting  Plate,  Rotor 
Locator  Pin,  Mounting  Plate 
Pin,  Rotor  Stop 
Shaft,  Stop  Disc 
Disc,  Stop 

Spring,  Stop  Disc  Return 
Screw,  RH,  2-56x3/8  lg 
Support,  Screw 
Guide  Pin,  Pawl 
Stop  Pin,  Drive  Pawl 
Guide  Plate,  Drive  Pawl 
Guide  Block,  Drive  Pawl 
Spring,  Pawl  Return 
Spring  Adjust  Block 
Bearinq,  Pallet  Shaft 
Pal  let 

Shaft,  Pallet 
Limit  Switch  Contact 
Pin,  Armature 
Armature,  Solenoid 


'5.  !>fT  Mechanism  As>emMy- 
aml  clear  Train  View 
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Figure  7.  I*TT  Mechanism  Assembly- Solenoid 
Assembly  View 
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Figure  8.  1-MT  Mechanism  Assembly- Balance  Mechanism 
and  Ratchet  Wheel  I'rivc  View 
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b.  Functional  ^pec*ition 
(l)  Arming  Sequence 

The  EMT  is  designed  to  operate  from  an  external  environ¬ 
mental  enemy  source  such  as  a  side-well  electric  generator. 

The  functional  block  diagram,  Figure  9,  illustrates  the  arming 
sequence  of  the  HMT.  Sustained  air  flow  around  the  deployed 
munition  activates  the  airstream  generator  which  provides  an 
alternating  current  voltage  to  the  EMT.  This  voltage  is  full 
wave  rectified  and  filtered  to  provide  the  direct  current 
voltage  to  arm  the  timer.  An  electrical  switch,  located  at 
the  fuze  rotor,  senses  the  timer  safety  condition.  When  the 
rotor  is  locked  out-of-line  in  the  safe  condition,  electrical 
power  is  connected  through  the  closed  contacts  of  the  rotor 
switch  to  the  timer.  As  the  rotor  moves  from  the  out-of-line 
position,  electrical  power  is  disconnected  from  the  timer  by 
opening  the  rotor  switch  contacts. 

Powering  of  the  electronic  circuits  energizes  the  hold 
solenoid  through  the  normally-closed  contacts  of  the  hold 
solenoid  switch.  Hotion  of  the  hold  solenoid  armature  rotates 
the  balance  mechanism  and  charges  a  return  spring.  The  hold 
pawl  engages  the  hold  ratchet  wheel,  providing  accurate  posi¬ 
tioning  of  the  companion  drive  ratchet  wheel,  located  on  the 
same  shaft.  Full  stroke  of  the  hold  solenoid  causes  the  return 
spring  to  open  the  hold  solenoid  switch  which  reduces  the 
current  to  the  hold  solenoid  winding. 

The  drive  solenoid  is  deenergized  and  the  balance  mechanism 
is  maintained  at  the  rest  position  due  to  the  bias  exerted  on 
the  armature  by  the  drive  solenoid  return  spring.  An  out- 
position  limit  switch,  integral  to  the  drive  solenoid  balance 
mechanism,  senses  the  at-rest  position  of  the  balance  mechanism 
and  provides  a  low  logic  level  to  the  timer  electronics.  The 
titiurq  cycle  is  initiated  by  application  of  a  high  level  digital 
logic  command  at  tne  electrical  connector.  When  this  command 
is  applied,  the  drive  solenoid  energizes  and  its  associated 
balance  mechanism  rotates,  opening  the  out-position  limit  switch 
and  charginq  the  drive  solenoid  return  spring.  The  drive  pawl 
engaqes  the  ratchet  wheel  and  strokes  the  wheel  for  one-tooth 
advancement;  the  hold  pawl  retaining  this  displacement.  The 
gear  train  is  advanced  and  the  timlnq  disc,  integral  to  the 
output  shaft,  rotates  from  the  zero-set  position.  The  armina 
sprit.c,  anchoret!  between  the  timing  disc  and  the  fuze  rotor,  is 
loaded  by  the  timinq  disc  displacement,  applyinq  force  between 
the  timing  disc  and  rotor.  The  timing  disc-rotor-ball  lock 
relationship  is  schematically  illustrated  in  Figure  10.  Full 
stroke  of  the  drive  solenoid  closes  an  in-position  limit  switch 
which  is  integral  to  the  drive  solenoid  balance  mechanism.  The 
in-position  switch  closure  provides  a  low  logic  level  to  the 
electronics  which  subsequently  deenergizes  the  drive  solenoid. 
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Figure 


The  fully  charged  drive  solenoid  return  spring  counter-rotates 
the  drive  balance  mechanism,  openinq  the  in-position  limit 
switch  and  disengaging  the  drive  pawl  from  the  ratchet  wheel. 

The  drive  balance  mechanism  returns  to  the  rest  position, 
closing  the  out-position  limit  switch.  The  drive  solenoid  is 
enerqized  and  the  ratchet  wheel  is  advanced  another  tooth, 
resulting  in  further  displacement  of  the  timing  disc  and  in¬ 
creased  force  between  the  timing  disc  and  rotor.  This  repeti¬ 
tive  cycling  is  continued  contingent  upon  uninterrupted  appli¬ 
cation  of  power  from  the  external  energy  source,  until  the 
timinn  disc  has  rotated  120  degrees  from  the  zero-set  position. 

At  this  angular  displacement,  the  ball  lock  enters  the  timing 
disc  arming  detent  and  the  rotor  is  released.  The  cocked 
arminci  spring  snaps  the  rotor  90  degrees  to  the  in-line  posi¬ 
tion.  As  the  rotor  travels  to  the  armed  position,  the  rotor 
switch  opens  removing  power  from  the  electronics.  The  hold 
and  drive  solenoids  deenergize  and  the  return  springs  counter¬ 
rotate  the  balance  mechanisms.  The  pawls  disengage  the  ratchet 
wheels  and  the  balance  mechanisms  are  returned  to  the  rest 
position.  The  ball  lock  enters  the  rotor  in-line  detent.  The 
arming  spring  unloads  to  a  neutral  position,  counter-rotating 
the  timing  disc,  and  causing  the  ball  lock  to  lock  the  rotor 
at  the  in-line  position. 

(2)  Reset  Sequence,  Prime  Power  Interruption 

The  EMT  requires  the  integration  of  electrical  energy  over 
the  entire  arming  time  in  order  for  proper  arming  to  occur. 
Interruption  of  prime  power,  due,  for  example,  to  non-sustained 
environmental  conditions,  causes  the  EMT  to  reset  to  the  zero¬ 
time  condition. 

■  When  environmental  power  is  lost  prior  to  the  rotor  being 
released,  the  electronic  circuits  are  not  powered  even  though 
the  rotor  switch  is  closed.  Therefore,  the  hold  and  drive 
solenoids  deenergize,  closing  the  hold  solenoid  switch.  The 
return  springs  counter-rotate  the  balance  mechanisms,  disengaging 
the  pawls  from  the  ratchet  wheels.  The  balance  mechanisms  are 
returned  to  the  rest  position  and  the  out-position  limit  switch 
is  closed.  Since  the  ball  lock  has  not  entered  the  timing  disc- 
arming  detent  due  to  non-alignment,  the  charged  arming  sprinq 
unloads.  The  timing  disc,  gear  train  and  ratchet  wheels  counter¬ 
rotate  to  the  zero-set  position.  The  timer  has  therefore  been 
restored  to  the  pre-arm  ready  position,  remaining  in  the  safe 
condition  with  the  rotor  locked  out-of-line.  Reapplication  of 
prime  power,  concurrent  with  the  digital  logic  arming  command, 
initiates  a  new  timing  cycle.  Hence,  the  complete  timinq  :yc!e 
must  be  experienced  uninterruptedly  to  effect  arming. 

(3)  Remote  Reset-to-Safe  Condition  Sequence 

The  EMT  mechanical  system  can  be  reset  to  tin-  n:e  condi¬ 
tion  by  externally-applied  electrical  power,  pi  -rit'  i:ig  complete 
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operational  check-out,  test,  and  resetting  of  the  hermetical ly- 
sealed  unit.  Completion  of  an  operational  check  and  test  leaves 
the  timer  in  the  armed  condition  with  the  rotor  locked  in-line. 
The  power  source  and  the  snap  ring  retaining  the  reset  shaft 
are  removed.  The  accessibility  of  this  shaft  is  shown  in 
Figure  11.  The  reset  shaft  will  pop  up  due  to  the  bias  exerted 
on  it  by  the  partially  >,om*  ressed  bel  lows.  '  Further  extraction 
of  the  reset  shaft  extends  the  bellows  disengaging  the  timing 
disc  from  the  drive  clutch  and  engaging  the  timir.q  disc  with 
the  reset  clutch.  The  external  application  of  +28  Vdc  reset 
power,  via  the  electrical  connector,  powers  the  electronic 
circuits.  Timer  operation  is  identical  to  that  described  in 
the  foregoing  arming  sequence  with  the  exception  that  the 
timing  disc  counter-rotates  from  the  armed  position  to  the 
zero-set  position,  charging  the  arming  spring  in  the  opposite 
sense,  applying  counter- force  between  the  rotor  and  timing 
disc.  When  the  timinq  disc  rotates  120  degrees,  the  ball  lock 
enters  the  timing  disc  reset  detent  and  the  rotor  is  released. 
This  operation  is  schematically  presented  in  Figure  12.  The 
cocked  arming  spring  iorces  the  rotor  to  snao  out-of-line, 
closing  the  rotor  switch.  Removal  of  the  reset  power  causes 
the  hold  and  drive  solenoids  to  deenergize  and  the  return 
springs  counter-rotate  the  balance  mechanisms.  The  pawls  dis¬ 
engage  the  ratchet  wheels  and  the  balance  mechanisms. are  re¬ 
turned  to  the  rest  positions,  closing  the  out-position  limit 
switch.  The  ball  lock  enters  the  rotor  out-of-line  detent 
permitting  the  arming  spring  to  unload.  The  timing  disc  cc  -nter 
rotates  locking  the  rotor  out-of-line.  The  EMT  is  now  restored 
to  the  safe  condition  and  is  ready  for  another  arming  cycle. 

4.  DESIGN  AND  DEVELOPMENT  DISCUSSION 

a.  Program  Summary 

The  advanced  development  program  for  the  EMT  encompassed 
two  sequential  research  and  development  efforts.  The  purpose 
of  the  first  effort  was  to  investigate  concepts  for  an  inher¬ 
ently  fail-safe  electro-mechanical  timer,  select  a  desiqn 
approach  and  demonstrate  the  design  with  simple  experimental 
hardware.  The  second  program  phase  involved  design  and  develop¬ 
ment  ot  an  EMT  directly  applicable  to  potential  missile  tuzing 
applications. 

The  design  emphasis  during  the  initial  program  phase  was 
directed  towards  achieving  a  small,  inexpensive,  low  power 
consuming  timer  suitable  for  application  to  munitions  produced 
in  large  quantities,  such  as  general  miroose  bombs.  Prototype 
timers  with  2 -second  arming  tines  vor<  delivered  to  the  Air 
Force  Armament  Laboratory  (Al'ATL)  ,  culminating  the  initial 
el  fort. 

The  design  concept  derived  during  the  initial  phase  em- 
ployed  olenoid— dri ve  escapement  to  convert  electrical  energy 
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Figure  12.  EMT  Reset  Sequence 
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into  a  mechanical  output.  Two  solenoid  assemblies  were  employe' 
each  having  a  dynamic  counterbalance  located  diametrically 
about  a  pivot  shaft  and  packaqed  in  a  separate  housing.  The 
gearing,  rot.or,  some  mechanical  linkaqes,  and  housing  for  the 
counterbalancing  armatures  were  fabricated  from  moldable  high 
strength  plastic  materials.  This  resulted  in  smaller  mass 
moments  of  inertia,  compared  to  metal  parts,  thus  requiring 
less  torque  to  drive  the  gear  train  and  rotate  the  rotor  to 
the  in-line  position.  Solenoid  power  consumption  was  also 
minimized,  resulting  in  an  overall  drain  of  0.3  watt,  and  cor* 
patibility  with  the  FZU-32/B  Sidewell  Generator  was  shown. 

The  design  concept  to  achieve  inherently  fail-safe  operation 
was  demonstrated  by  two  experimental  models  and  the  fundamental 
design  for  an  inexpensive,  cost-effective  timer  was  achieved. 

Efforts  during  the  second  phase  of  the  program  were  con¬ 
centrated  on  deriving  a  hiqhly  reliable,  ruqged  EM?  offering 
long  shelf  life  potential  for  missile  applications.  The  fol¬ 
lowing  changes  to  the  initial  EMT  design  were  incorporated: 

o  Stainless  steel  gears  and  parts  were  employed  for 
ruggedization  and  improved  shelf  life. 

o  The  gear  train,  associated  shafts,  and  adjustments 
were  made  more  accessible  by  employinn  two  ratchet 
wheels  on  a  longer  common  shaft.  This  increased  the 
overall  EMT  length,  but  provided  the  necessary  access 
and  ease  of  assembly. 

o  The  solenoids  and  their  counterbalances  were  incor¬ 
porated  into  one  subassembly  to  enhance  reliability, 
ease  of  .assembly,  and  performance. 

u  A  heavy-duty  stainless  steel  rotor  was  installed  to 
accommodate  an  electric  detonator. 

o  An  electrically-driven  reset-to-safe  feature  was 
included. 

o  Hermetic  seal  techniques  were  employed. 

o  Leaf-type  pallet  return  springs  and  adjustments 
were  developed. 

o  A  simplified  stroke  adjustment  was  developed  for  the 
hold  solenoid  to  provide  proper  ratchet  wheel  posi¬ 
tioning  for  tho  drive  solenoid. 

o  Limit  switch  fabrication  techniques  wore  improved  t>' 
provide  reliable  operation  throughout  temperature  and 
vibration  environments. 
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o  The  arming  time  was  changed  to  5  seconds  for  ootential 
application  to  the  Hard  Structure  Munition  program. 

o  Power  consumption  was  increased  to  3  wr.tts  to  accom¬ 
modate  the  heavy-duty  design. 

Several  sets  of  experimental  hardware  were  fabricated 
during  this  program  and  two  prototypes  were  delivered  to  AFATL. 
Details  of  the  hardware  design  and  resulting  performance 
characteristics  are  described  in  the  followinc  section. 

b.  Design  Description  and  Performance  Results 

The  desiqn  of  a  ruggedized,  reliable  EMT  conf iguration  for 
potential  missile  applications  was  derived  and  demonstration 
hardware  was  fabricated  and  evaluated.  Design  and  performance 
details  are  described  herein. 

(1)  Electronic  Control  Circuits 

(a)  Prime  Power  Application 

Electronic  control  circuits  provide  the  electrical  drive 
signals  for  the  drive  and  hold  solenoids  and  insure  that  Con¬ 
ditions  for  proper  fail-safe  operation  exist  prior  to  mechanical 
timer  arming.  The  electrical  circuits  of  the  EMT  consist  of 
the  basic  elements  outlined  in  the  block  diagram  of  Figure  13, 
and  shown  packaged  in  the  subassembly  photo  of  Figure  14.  Com¬ 
ponent  symbols  identified  in  the  following  discussions  refer 
to  the  schematic  drawing  of  Figure  15. 

The  EMT  is  electrically  powered  by  the  application  of 
alternating  current  from  a  remote  energy  source,  such  as  an 
rstream  generator  applied  via  the  electrical  connector.  ,r,his 
voltage  is  full  wave  rectified  by  the  miniature  rectifier 
module,  Zl,  and  filtered  by  the  capacitor,  C3,  providing  the 
required  direct  current  electrical  power  for  the  electronic 
circuits.  Provisions  can  be  readily  incorporated  for  DC  voltage 
excitation,  such  as  from  a  thermal  battery  source,  by  bypassing 
the  rectifier. 

A  double  pole  rotor  switch,  S3,  is  normally  closed  when 
the  rotor  is  in  the  safe  out-of-line  position.  The  DC  power 
is  applied  to  the  electronic  control  circuits  through  the  s 3D 
contacts  of  the  rotor  switch.  Switch  contacts  S3A  and  S3D  are 
opened  when  the  rotor  moves  to  the  in-line  position.  The  S3A 
contacts  provide  the  means  to  electrically  determine  the  rotor 
position,  providing  a  safety  monitor  for  post-inspection  and 
trial  operation.  The  S3B  contact  opening  upon  rotor  arming 
prevents  further  application  of  the  excitation  voltage  to  the 
drive  circuits;  thus  minimi  *mg  electrical  power  consumption 
from  the  r1  note  source. 
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Figure  14.  EMT  Electronic  Subassenbly 
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Figure  15.  r>1T  Schematic  Diagram 


(L'J  Voltage  Regulator 


A  voltage  regulator  furnisi.os  a  nominal  2b  Vdc  to  the 
f  •  eno'ds  and  associated  driver  circuitry.  Components  VRl, 

RIO,  and  Q4  comprise  this  simple  series  requlator.  Zener  diode, 
VRl,  provides  a  constant  base  bias  voltage  for  the  regulator 
transistor,  Q4,  with  the  zener  current  established  by  RIO.  The 
low  level  ir.teqrated  circuit,  Ul,  is  powered  fro1"  the  7-volt 
regulator  compose!  of  R5  and  Ql.  These  voltage  regulators  pro¬ 
vide  constant  voltage  sources  for  the  electronic  switching  and 
solenoid  circuits  assuring  near  uniform  armina  time  over  the 
wide  range  of  input  AC  voltages. 

(c)  Hold  Solenoid  and  Hold  Switch 

Upon  EMT  activation/  26  Vdc  is  applied  to  the  hold  solenoid, 
K2 ,  which  enerqizes  tnrouqh  the  normally  closed  hold  switch, 

S2.  At  full  insertion  of  the  hold  pawl  into  the  ratchet  wheel, 
the  extension  pin  of  the  solenoid  armature  actuates  the  solenoid 
return  spring  which  in  turn  opens  the  hold  switch.  The  removal 
of  the  hold  switch  closure  places  a  resistance,  R9,  in  series 
with  the  solenoid  winding,  reducing  tne  holding  current  to 
approximately  one-third  the  pull-in  current.  Interruption  of 
power  for  any  reason,  prior  to  rotor  release  for  arming,  causes 
the  hold  solenoid  to  deenergize,  permitting  the  timer  tc  mechan¬ 
ically  return  to  its  zero-set  position.  Hence,  there  is  no 
accumulation  of  arming  time,  facilitating  tail-safe  performance. 

(cl  Drive  Solenoid  and  Switching  Circuits 

Prior  to  timer  initiation,  limit  switch,  SI,  is  positioned 
to  the  OUT  position  due  to  the  bias  exerted  upon  the  solenoid 
armature  by  the  return  spring.  The  moving  contact  of  the 
limit  switch  is  attached  to  the  drive  pallet  of  the  mechanical 
linkages  which  advance  the  ratchet  wheel  and  provides  the  elec¬ 
trical  ground  for  the  switches.  Therefore,  when  power  is 
afplied  to  the  EMT,  a  low  logic  level  is  supplied  through  SI-OUT 
to  inputs  1  and  2  of  the  Quad  Nand  integrated  circuit,  Ul, 
changing  its  output  3  and'inp'ut  5  to  a  hiqh  logic  level.  Re¬ 
sistor  R3  maintains  a  low  logic  level  at  input  6,  in  the  absence 
of  a  command  or  sync  signal,  which  causes  output  4  and  input 
8  to  be  high.  The  high  level  at  input  13,  couoled  with  a  low 
level  at  input  12,  causes  output  11  to  be  high.  The  two  high 
levels  at  inputs  8  and  9  causes  the  output  10  to  remain  low. 
Consequently,  Q2  and  Q3  remain  in  the  off  state  and  the  drive 
solenoid,  Kl,  is  not  energized. 

When  a  high  logic  level'  arming  command  signal  is  applied, 
input  6  goes  to  a  high  level  causing  4  and  8  to  go  to  a  low 
level.  Output  10  in  t irn  goes  to  a  high  level  which  causes  Q2 
and  Q3  to  conduct  at  saturation  through  the  coil  of  the  drive 
solenoii,  K..  Kl  enerqizes  opening  Sl-OUT  and  permitting  inputs 
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1  and  2  to  qo  high  which  subsequently  applies  a  high  to  input 
8.  The  drive  pawl  engages  the  ratchet  wheel  and  is  stroked  to 
advance  one  tooth.  The  hold  pawl  retains  this  displacement. 

At  the  full  stroke  of  the  drive  solenoid  the  movinq  contact  of 
the  limit  switch  'ngages  the  Sl-IN  contact  and  supplies  a  low 
logic  level  to  input  13  causing  output  11  to  go  to  a  low  level. 
Output  ln  goes  to  a  low  level,  causing  02  and  Q3  to  cease  con¬ 
duction.  K1  deenergizes  and  the  pallet/pawl  mechanical  linkages 
are  returned  to  the  rest  position  by  the  return  spring.  At 
the  full  extracted  position,  inputs  1  and  2  .are  again  supplied 
a  low  logic  level  through  SI-OUT  and  the  switching  cycle  is 
repeated,  resulting  in  another  one-tooth  advancement  of  the 
ratchet  wheel.  This  cyclic  operation  is  continued  for  200 
operations  at  which  time  the  rotor  is  released  and  is  driven 
in-line  by  the  charged  arminq  spring.  As  the  rotor  moves  in¬ 
line.  rotor  switch  contacts  S3A  and  S3Q  open  to  indicate  an 
armed  condition  and  to  remove  the  DC  voltage  from  the  electronics, 
inhibiting  further  driving  cycles. 

(e)  electronic  Time  Base 

The  operatina  time  base  is  the  time  i iquired  to  complete 
one  full  in-stroke  and  one  full  out-stroke.  This  time  base  is 
represented  by  the  waveform  measured  at  the  collectors  of  tne 
driver  transistors  Q2  and  Q3.  An  illustration  of  a  typical 
waveform  is  presented  in  Figure  16.  The  time  to  complete  the 
in-stroke,  tIN,  is  a  function  of  the  inductance  of  the  solenoid 
coil  and  the  work  the  solenoid  must  perform  against  the  return 
spring  and  frictional  forces  to  accelerate  the  geai  train  muss 
for  one  tooth  of  angular  rotation.  The  time  to  complete  the 
out-stroke,  toyr»  *-s  a  function  of  the  solenoid  magnetic  field 
rate  of  collapse  and  the  work  the  return  spring  must  perform 
to  return  the  solenoid  armature  and  mechanical  linkages  to  the 
full  extracted  position  against  the  frictional  forces.  Since 
200  teeth  of  ratchet  wheel  advancement  must  be  achieved  to  arm 
the  timer,  a  typical  operating  time  base  of  26  milliseconds 
would  produce  arming  in  5.2  seconds.  A  detailed  timer  speed 
analysis  is  presented  in  paragraph  c(2)  of  this  section. 

Larqe  voltage  spikes  of  several  hundred  volts  are  acnerated 
by  the  solenoid  inductances  when  deenergized  due  to  tne  reversal 
of  the  magnetic  field,  in  accordance  with  Lenz's  Law  for  rug- 
nctic  circuits.  A  damping  circuit,  consisting  of  C2,  R6 ,  and  cTRJ, 
is  provided  in  shunt  with  the  drive  solenoid  coil  to  reduce 
these  voltages  to  acceptable  levels,  insuring  that  the  .maximum, 
voltage  ratings  of  the  electronic  components  are  not  exceeded. 
Tigure  17  depicts  the  major  components  of  the  drive  and  ‘'.old 
solenoid  assembly. 

(2)  External  Timing  Synchronization 

Timing  synchronization  by  an  external  me:  y  ioutco, 
as  a  digital  clock,  is  readily  accorm.->  ’  . •  •  nova  1  o* 
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Figure  17.  Solenoid  Assembly  Major  Components 


the  internal  rate  arming  command,  concurrent  with  the  applica¬ 
tion  of  the  timing  signal  at  the  electrical  connector  interface, 
implements  this  feature.  A  negative  clamp  is  provided  by  CR2 
to  insure  continuous  operation  and  non-damage  of  the  integrated 
circuit  input  gates  should  the  driving  signal  have  large  nega¬ 
tive  excursions.  Large  positive  voltage  excursions  of  the 
timing  signal,  greater  than  7  volts,  cause  CR1  to  conduct, 
disabling  the  timer  function.  Hence,  added  safety  features 
are  provided  to  accommodate  fail-safe  operation  should  the 
external  driving  source  malfunction. 

The  position  switching  and  solenoid  pulsing  theory  of 
operation  is  identical  to  that  described  previously.  As  the 
driving  signal  goes  to  a  high  logic  level,  Kl  is  energized  and 
advances  the  timer  ratchet  wheel  one  tooth,  the  hold  solenoid 
maintaining  this  displacement.  At  full  travel  of  the  pallet 
assemoly,  the  current  in  the  solenoid  is  shut  off  via  the  posi¬ 
tion  sensing  limit  switch,  Sl-IN,  and  the  armature  and  linkages 
are  mechanically  returned  to  the  rest  position,  closing  Sl-OUT. 
The  ratchet  wheel  is  advanced  one  tooth  each  time  the  driving 
source  goes  to  a  high  level  and  Sl-OUT  is  actuated.  After  200 
teeth  are  advanced,  the  timer  arms.  Therefore,  certain  fre¬ 
quency  constraints  have  been  imposed  upon  the  timing  signal. 
Since  the  timer  cannot  be  advanced  unless  Sl-OUT  is  closed, 
attempts  to  pulse  the  solenoids  will  be  ignored  until  the  full 
in  and  out  stroke  cycle  has  been  completed.  Thus,  the  EMT 
cannot  run  faster  than  its  inherent  time  base,  and  external 
driving  signals  with  repetition  rates  faster  than  this  response 
will  produce  erratic  advancement  of  the  gear  train.  The  EMT 
can  be  armed  at  a  rate  slower  than  its  inherent  arming  rate. 

An  external  source  exhibiting  a  time  base  longer  than  the  in¬ 
herent  EMT  operating  response  time  will  advance  the  timer  at 
the  slower  rate.  Hence,  permissible  frequencies  of  the  exter¬ 
nal  timing  source  are  restricted  to  any  value  below  that  cor¬ 
responding  to  the  inherent  time  base  of  the  EMT.  Therefore,  a 
degree  of  uniqueness  has  been  imposed  on  the  amplitude  and 
repetition  rate  of  the  driving  source,  enhancing  system  safety. 

(3)  Fail-Safe  Operation  at  Overvoltage 

• 

The  timer  has  demor.strated  inherently  fail—.  »fe  operation 
in  the  event  of  certain  component  failures  in  the  electronics. 

A  shorted  26-volt  regulator  was  cf  major  concern  since  it  was 
intuitively  felt  that  this  failure,  permitting  the  solenoids 
and  driver  circuitry  to  operate  at  higher  voltages,  could  cause 
the  timer  to  arm  drastically  short  of  the  set  time.  However, 
by  allowing  the  mechanical  components  of  the  timer  to  substan¬ 
tially  control  the  electrical  time  base,  fail-safe  arm  times 
are  achieved. 

Simulation  of  this  failure  is  implemented  by  removing  the 
anode  of  the  voltage  regulator  diode,  VRl ,  from  the  circuit 
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common.  The  emitter  of  g4  will  rise  up  with  the  collector 
applying  the  unregulated  overvoltage  to  the  drive  circuits. 

High  voltage  components  were  selected  and  installed  in  the 
timer  for  this  test  to  insure  nondestructive  operation  of  the 
solenoid  drive  circuits  at  the  higher  voltage  levels. 

When  overvoltage  is  applied,  a  larger  maqnetic  field  is 
induced  in  the  solenoid  producing  a  qreater  solenoid  pulling 
force  and  decreasing  the  time  for  the  in-stroke.  At  the  comple¬ 
tion  of  the  in-stroke,  a  switching  signal  is  supplied  throuqh 
the  limit  switch,  Sl-TN,  that  opens  the  solenoid  conduction 
path  The  pallet  return  sprinq  must  now  supply  the  force  to 
return  the  drive  mechanism.  However,  this  spring  must  counter¬ 
act  a  larger  magnetic  field  that  is  slower  to  collapse  and 
generates  an  increased  force  tending  to  hold  the  solenoid  core 
at  the  full-in  position.  Hence,  the  time  for  the  out-stroke  is 
increased.  Another  in-stroke  cycle  cannot  be  initiated  until 
the  full-out  stroke  has  been  completed  and  the  out-position  limit 
switch  actuated.  The  in-stroke  and  out-stroke  times  are  com¬ 
pensatory,  producing  a  high  degree  of  inherent  fail-safe  capa¬ 
bility  even  when  remote  failure  modes  are  considered.  Produc¬ 
tion  timers  would  be  fabricated  using  component  ratings  con¬ 
sistent  with  the  regulated  voltage  and  reliability  requirements. 
Therefore,  excessive  voltage  to  the  electronics,  as  occasioned 
by  a  shorted  regulator,  will  cause  component  burnout  or  other 
failure  modes  resulting  in  failure  to  function. 

Reliable,  fail-safe  operation  was  demonstrated  by  two 
experimental  timers  (B  and  C)  when  overvoltaged  with  operational 
voltage  regulators.  Fail-safe  capability  approaching  90  per¬ 
cent  of  nominal  arm  time  was  achieved. 

Figures  18  and  19  are  graphic  presentations  of  arm  time 
as  a  function  of  DC  excitation  voltaqc  with  the  voltage  regula¬ 
tor  both  operational  and  disabled  for  the  prototype  timers 
delivered  to  AFATL.  Tables  2  and  3  tabulate  the  test  data  for 
this  measurement.  Both  timers  exhibited  fail-safe  eperation 
when  overvoltaged  with  disabled  regulators.  The  mechanical 
drive  of  timer  B  jammed  at  40  volts  of  DC  excitation  and  failed 
to  function.  Deviations  of  less  than  10  percent  of  nominal 
arm  time  were  experienced  prior  to  jamming.  Timer  C  operated 
when  excited  with  a  50  Vdc  source.  The  significant  difference 
between  the  arm  time  of  timer  C,  when  overvoltage  was  applied, 
was  traced  to  the  inability  to  reliably  reset  the  timer  to  the 
zero-set  position  and  is  discussed  in  detail  in  Section  II, 
Temperature  Tests. 

Full  compensation  of  the  electrical  and  mechanical  c de¬ 
ponents  of  the  KMT  is  demonstrated  in  Figure  20.  The  data  fr  i 
this  graph  were  obtained  from  a  prototype  timer  and  demons t nt  e  i 
at  the  Design  Review  with  AFATL.  The  arm  Line  ♦  h-»  ncmnal 
solenoid  operating  voltage  of  26  volts  is  <">.*>  •  nls.  This 
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A»M  TIME  IPConpl 

Arir  Tune  Versus  DC  Excitation  Volta  je , 
Prototype  Timer  C 


TABLE  2.  ARM  TIME-  TEST  DATA  VERSUS  DC 
EXCITATION  VOLTAGE,  TIMER  B 


i  tat  io'i 
‘  Vo l iaqe 

(Vdc) 

A r "■  Time  ' 
Rego ! at  or 
Oper  a  t i ona 1 
( secs ) 

Arm  Time 

Requ 1  at  or 

0  i  sab  1 ed 
( secs ) 

18 

NO  FUNCTION 

NO  FUNCTION 

2C 

8.7 

10.0 

22 

7.2  . 

6.8 

24 

6.0 

6.8 

26 

5.6 

5.9 

28 

5.4 

5.1 

30 

5.4 

5.0 

.32 

5.4 

4.8 

35 

5.4 

4.7 

40 

5.2 

NO  FUNCTION 

45 

4.9 

NC  FUNCTION 

50 

4.9 

NO  FUNCTION 

TABLE  3.  ARM  TIME  TEST  DATA  VERSUS  DC 
EXCITATION  VOLTAGE,  TIMER  C 


Exc i tat i on 
Voltage 
(Vdc) 

Arm  Time 
Regu  lator 
Cperat i ona 1 
( secs ) 

Arm  Time 

Regu lator 
Disabled 
(secs ) 

18 

NO  FUNCTION 

NO  FUNCTION 

20 

10.0 

10.2 

22 

7.2 

6.3 

24 

6.1 

6.0 

26 

5.0 

5.2 

28 

5.2 

4.6 

30 

5.1 

4.4 

32 

5.0 

4.2 

35 

5.0 

4.0 

40 

4.9 

4.0 

45 

5.0 

3.7 

50 

4.8 

3.4 

[I 


I 

£ 
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Figure  20.  Arm  Time  Versus  DC  Excitation  Voltage 
Design  Review  Prototype  Timer 


identical  arm  time  is  evidenced  at  41  volts  where  the  mechani¬ 
cal  and. electrical  components  are  fully  compensatory.  The 
minimum  arm  time  of  5.8  seconds  occurs  at  35  volts.  Hence, 
the  ratio  of  minimum  arm  time  to  the  inherent  arm  time  at  the 
nominal  regulated  voltage  is  88  percent,  representing  the 
fail-safe  capability  for  this  timer. 

c.  Mechanical  Subsystem 
(1.)  Gear  Train 

The  gear  train  consists  of  an  input  shaft,  an  intermediate 
shaft,  an  output  shaft,  and  a  reset  shaft.  A  20.25:1  step  down 
ratio  exists  between  the  input  shaft  and  both  the  output  and 
reset  shafts.  A  4.5:1  step  down  ratio  exists  between  the  input 
shaft  and  the  intermediate  shaft.  A  32.5:1  ratio  exists  be¬ 
tween  the  input  shaft  through  the  reset  shaft  to  the  output 
shaft. 

The  input  shaft  supports  two  30-tooth  ratchet  wheels  and 
a  10-tooth  pinion.  The  intermediate  shaft  supports  a  45-tocth 
gear  and  a  10-tooth  pinion.  The  output  shaft  supports  a  45- 
tooth  gear  with  drive  clutch,  a  45- tooth  gear  with  reset  clutch, 
and  the  timing  disc.  The  reset  shaft  supports  a  45-tootn  near 
and  a  28-tooth  pinion.  Figures  21  through  21  feature  the 
mechanical  components  of  the  r.MT. 

(2)  Timer  Speed  Analysis 

The  prototype  timers  were  designed  to  operate  at  an 
average  speed  of  0.025  second  per  tooth  advancement  of  the 
ratchet  wheel.  The  timing  disc  attached  to  the  output  shaft 
rotates  120  degrees  to  load  and  unlock  the  rotor.  The  timing 
disc  is  driven  by  a  20.25:1  gear  train  which  is  driven  by  a 
30-tooth  ratchet  wheel.  The  ratchet  wheel  must  therefore  turn 
120  degrees  times  20.25  or  2430  degrees.  Three  hundred  and 
sixty  degrees  divided  by  30  teeth  equals  12  degrees  per  tooth 
advancement  of  the  ratchet  wheel.  Two  thousand  four  hundred 
and  thirty  degrees  divided  by  12  degrees  per  tooth  yields  202 
teeth  of  ratchet  wheel  advancement,  to  release  the  rotor.  Five 
seconds  of  arm  time  divided  by  202  teeth  equals  0.025  second 
per  tooth. 

Test  data  on  the  two  prototype  units,  as  tabulated  in 
Tables  2  and  3  of  the  preceding  section,  substantiate  that  the 
units  operate  at  the  design  speed. 

d.  E.MT  Accuracy 


The  accuracy  of  the  F.MT  is  primarily  controlled  by  the 
force  generated  by  the  solenoids,  the  flux  density  of  the 
magnetic  circuit,  the  stability  of  the  operating  time  base, 
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the  ability  to  start  the  gear  train  advancement  from  the  same 
zero-set  position,  the  uniformity  of  the  frictional  and  re¬ 
storing  forces,  and  variations  to  these  parameters  introduced 
when  the  timer  is  subjected  to  extreme  environmental  conditions. 
Design  techniques  have  been  developed  which  establish  the  cri¬ 
teria  in  each  of  these  areas  to  realize  a  highly  accurate 
timer. 

(1)  Solenoid  Force  Requirements 

The  solenoid  design  is  predicated  upon  the  force  that  the 
solenoid  must  generate  to  provide  the  torques  required  to 
accelerate  the  gear  train  for  one  tooth  of  ratchet  wheel  dis¬ 
placement  and  to  align  the  rotor  while  performing  work  against 
the  pallet  return  spring  and  frictional  forces.  A  detailed 
analysis  of  the  moments,  torques  and  forces,  and  magnetic  cir¬ 
cuit  criteria  is  presented  in  the  Appendix. 

The  total  moment  of  inertia  of  the  gear  train,  referenced 
to  the  input  shaft,  is  1.24  x  10“6  in-lb-sec2.  The  torque 
required  to  rotate  the  input  shaft  12  degrees,  one  ratchet 
wheel  tooth  of  angular  displacement,  in  8  milliseconds,  is  8.1 
x  10~3  in- lb.  The  rotor  spring  torque  required  to  align  the 
rotor  with  90  degrees  rotation  in  0.0S  second  is  8.85  x  10“2 
in-lb.  The  total  input  shaft  torque  required  is  the  summation 
of  the  required  gear  train  torque  plus  the  arming  spring  torque 
and  is  equal  to  1.25  x  10"2  in-lb.  The  pallet  return  spring 
torque  is  7.02  x  10~3  in-lb.  The  magnetic  force  required  of 
the  solenoids,  neglecting  friction,  is  then  determined  to  be 
0.231  pound  cr  1.03  Newtons.  The  ampere-turns  to  supply  this 
force  across  the  required  air  gap  is  202. 

The  available  ampere-turns  are  approximately  equal  to  370, 
based  on  7500  turns  of  No.  38AWG  wire  having  a  DC  resistance  of 
525  ohms  and  operating  from  26  volts.  Calculating  the  ampere- 
turns  expended  in  the  iron  and  other  air  gaps,  neglecting  eddy 
current  losses,  results  in  351  ampere-turns  to  supply  the  required 
force  at  the  air  gap. 

The  magnetic  field  intensity  within  the  iron  is  calculated 
to  be  1.58  Oersteds.  The  saturation  level  of  the  iron  is  1.28 
oersteds,  indicating  that  the  magnetic  circuit  operates  .nto 
saturation  levels.  The  ampere-turns  required  to  realize  1.28 
Oersteds  of  magnetic  field  intensity  in  the  iron  is  calculated 
to  be  301,  producing  a  solenoid  force  of  2.28  Newtons. 

Although  no  additional  force  ran  be  achieved  across  the 
air  gap  once  saturation  levels  are  reached,  it  is  imperative 
ti.at  saturated  conditions  be  employed  to  insure  reliable  opera¬ 
tion  and  accuracy  over  a  wide  ranye  of  parameter  variations. 

Timer  accuracy  is  not  degraded  due  to  fluctuations  in  excitation 
voltage  nor  can  the  timer  arm  drastically  short  of  the  set  time 
when  overvoltaqed,  since  the  solenoid  is  force-1 imited  at 
saturation.  46 


Ai  shown,  a  force  ratio  of  2.23:1.03  is  achieved  at 
saturation,  which  is  the  solenoid  force  referenced  to  the  mini- 
ttum  force  required  to  accelerate  the  gear  train  mass  and  oerform 
work.  This  provides  a  comfortable  margin  for  friction  ar.J 
other  forces  nor  considered  in  the  solenoid  design  analysis. 
Typical  timer  mechanisms  and  safe  and  arm  devices,  fabricated 
jsing  similar  techniques,  show  that  the  required  torques  and 
forces  to  function  may  be  increased  to  a  maximum  of  5  percent 
to  accommodate  these  friction  forces  for  worst  case  operating 
conditions.  Therefore,  0.05  Newton  of  additional  force  is 
required,  providing  a  ratio  of  solenoid  force-to-f rictional- 
forces  of  2.28:0.05  or  45.6:1.  A  timing  variation  of  2.2  per- 
cent  could  be  expected  as  a  function  of  variations  in  the 
trictional  and  other  forces.  For  a  5-second  timer,  this 
corresponds  to  0.11  second  of  ambiguity  in  set  tine.  Since 
time  is  an  inverse  square  root  function  of  force,  the  timer 
can  only  arm  slower  as  friction  is  increased.  Operating  the 
magnetic  circuit  at  minimum  flux  levels  to  realize  1.08  New ten s 
:  no°rCe  would  result  in  a  ratio  to  frictional  forces  of 
1.08:0.05  or  21.6:1.  A  timing  variation  of  approximately  4 
percent  could  be  expected  as  these  forces  varied  in  temocrature 
and  vibration.  This  translates  to  an  arm  time  variation  of 
0.2  second  for  a  5-second  timer. 

Hence,  engineering  trade-offs  exist  to  determine  the  most 
■i  ficient  level  to  operate  the  magnetic  circuit,  providing  the 
required  performance  with  adequate  operating  margins,  while 
insuring  that  power  consumption  from  the  driving  source  is 
simultaneously  conserved.  Extensive  development  and  testino 
uas  proven  the  existing  operating  parameters  to  be  near  optimum. 

(2)  Environmental  Evaluation 

(a)  Temperature  Tests 

The  two  prototype  timers  delivered  to  AFATL  were  tested 
over  the  specified  temperature  range  of  -65°F  to  220°F.  Mini¬ 
mum  soak  time  at  each  temperature  was  2  hours  with  4-hour  soak 
times  at  the  temperature  extremes.  Continuous  and  reliable 
operation  was  demonstrated  by  both  timers.  Arm  time  as  a  func¬ 
tion  of  temperature  was  measured  at  a  constant  DC  excitation 
voltage.  The  averaqe  direct  current,  Idc,  in  milliampems  (m' 
required  was  recorded.  The  test  data  for  the  two  timers  are 
presented  in  Tables  4  and  5. 


rimer  l  exhibited  near  uniform  arm  time  over  the  temp*»ra- 
ture  range.  Timer  C  performed  with  the  same  consistency  , 

at  the  very  high  temperature  extremes,  where  arm  times  were 
measured  to  be  approximately  0.6  second  faster  than  at  ami  -m* 
This  small  deviation  in  the  arm  time  of  timer  C  is  attribute  ; 
to  the  ambiguity  that  exists  in  the  zero-sot  porition  of  the 
gear  train  assembly.  When  the  EM7  is  returne.i  -an  ini  lv  to  the 
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TABLE  4.  TEMP  L  RAT 'J  RE  TEST  DATA,  TIMER  » 


Ter  oe<  at  Lire 

DC  Vol  i 

Cur  rent 

mmgmm 

CF) 

'  (volt  t 

Ira  ) 

♦  220 

30 

31 

5.3 

♦130 

30 

32 

5.0 

♦  75 

30 

33 

5.2 

♦  50 

30 

33 

5,2 

♦  20 

30 

34 

5.3 

0 

.  30 

34 

5.3 

-30 

30 

34 

5.1 

-65 

30 

34 

5.4 

TABLE 

5.  TEMPERATURE 

TEST  DATA, 

TIMER  C 

Te*rperit  uri* 

DC  Voltage 

Current 

At  -  T  i  *  e 

CF) 

(  V  0  '  t  i  ) 

("U  ) 

( sec  s> ) 

♦22C 

3C 

30 

4.4 

♦190 

30 

31 

4.5 

♦me 

30 

32 

4.8 

♦  70 

30 

33 

5.0 

♦  35 

30 

34 

5.1 

0 

30 

34 

5.3 

-30 

30 

35 

5.1 

-65 

30 

35 

5.3 

4H 


out-of-line  position,  as  was  the  ease  when  these  measurements 
were  performed,  the  zero-set  position  of  the  near  train  can 
be  oositioned  anywhere  within  two  revolutions  of  the  ratchet 
wheel.  A  0.6ft  revolution  from  the  initial  ratchet  wheel  posi¬ 
tion  provides  20  teeth  of  preset  rotation.  This  results  in  arm 
times  10  percent  l aster  than  the  arm  times  referenced  in  the 
zero  position  of  the  gear  train  where  a  full  200  teeth  must  be 
advanced  to  arm  the  timer.  Hence,  these  variations  in  arm  time 
are  related  to  measurement  technique  relative  to  reset  condi¬ 
tions  and  are  not  environmentally  induced. 

This  conclusion  is  readily  substantiated  by  measurements 
performed  on  a  solenoid  assembly  havinq  an  identical  config¬ 
uration  as  the  prototype  models  and  divorced  from  the  qear 
train.  The  solenoid  assembly  was  operated  at  constant  voltaje 
over  the  prescribed  temperature  range  and  the  operating  tire 
base  was  recorded.  The  data  and  measurement  parameters  are 
listed  in  Table  6.  Assuming  that  the  time  for  the  in-stroke, 
tIN,  is  increased  10  milliseconds  to  accommodate  the  accelera¬ 
tion  of  the  gear  train  mass,  the  operating  time  base  at  70°F 
is  2C  milliseconds/ tooth.  The  corresponding  arm  tine  is  then 
5.2  seconds  for  200  teeth.  The  time  bases  at  220°F  and  -65°F 
ire  25  and  26.5  milliseconds  respectively,  resulting  in  arm 
times  of  5.0  and  5.3  seconds.  Hence,  a  0.3-second  variation 
in  arm  time  would  be  experienced  over  the  entire  operating 
temperature  range. 

TABLE  6.  TEMPERATURE  TEST  DATA,  SOLENOID  ASSEMBLY 


Vdc 

Idc 

toirr 

tIN 

tTotal 

MBBOB 

(Volts) 

(ma) 

(msecs) 

(msecs ) 

(msecs) 

*■220 

25 

00 

. 

8 

7 

15 

+  150 

25 

8.5 

9 

7 

16 

+  70 

25 

9 

8 

6 

1ft 

+  32 

25 

10 

8 

8 

16 

0 

25 

10 

8 

3 

1ft 

-  10 

25 

10 

8 

P 

16 

-  ()  b 

2  5 

10 

8.5 

8 

16 

i 

Future  models  of  the  EMT  should  ineorpot 
;prinu,  integral  to  the  input  shaft,  that  vili 
stant  bias  for  the  gear  train  to  reliably  . 
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from  a  zero-set  position.  Hence,  improvement  in  the  uniformity 
of  arm  time  of  the  KMT ,  when  subjected  to  extreme  environmental 
conditions,  is  readily  achievable.  As  tested,  the  prototype 
units  have  exhibited  a  high  degree  of  reliable  and  consistent 
performance. 

lb)  Vibration  Tests 


The  environmental  test  model  timer,  timer  A,  was  subjected 
to  transportation  vibration  levels  as  specified  in  MIL-STD-8.'.0C , 
Method  514.2,  Curves  D  and  H  from  Figure  514.2-2.  The  dis¬ 
placements  and  levels  as  a  function  of  frequency,  recorded  in 
Hertz,  arc  summarized  as  follows: 

FREQUENCY  '  •  PI S PLACEMENT/ LEVEL 


9-14  Hz 
14-23  Hz 
23-74  Hz 
74-2000  Hz 


0.1  inch 

n  q 

0.036  inch 
10  a 


Vibration  testing  was  conducted  in  three  planes;  a  verti¬ 
cal  plane,  a  horizontal  plane,  and  a  horizontal  plane  of  90 
degrees  rotation.  The  horizontal  planes  were  selected  to  pre¬ 
sent  the  greatest  impediment  to  timer  operation  by  requiring 
near  orthogonal  loading  of  the  drive  and  hold  pawls  and  respec¬ 
tive  guide  springs.  Three  hours  of  loqarithmic  frequency 
cycling  was  conducted  in  each  plane  with  both  timers  exhibiting 
no  apparent  resonances  in  this  frequency  range.  The  cycling 
was  interrupted  at  selected  frequency  points  during  the  test 
and  both  timers  were  operated  at  the  specified  vibration 
parameters.  Arming  times  as  a  function  of  frequency  were  mea¬ 
sured  and  the  average  operating  current  was  recorded.  Tables 
7  through  9  tabulate  these  measurements.  Consistent  and  reli¬ 
able  operation  of  timer  A  was  evidenced  during  and  after  the 
test  wita  no  mechanical  damage  or  performance  degradation. 

(3)  Accuracy  Prediction 

The  accuracy  prediction  for  the  EMT  is  based  on  limited 
data  from  two  prototype  models  and  from  previous  calculations 
with  assumptions  derived  from  experience  with  mechanical  timing 
devices.  Therefore,  data  averaging  techniques  were  employed 
to  obtain  expected  deviations  relevant  to  the  conditions  to 
which  the  data  are  apolicablo.  The  zero-set  criteria  are  based 
ucon  qear  train  ratchet  wheel  start  within  two  teeth.  The 
timing  error  budget  is  as  follows:' 


5  1 
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Arm 
Time 
s  ecs ) 


TABLE  8.  VIBRATION  TEST  DATA,  HORIZONTAL  PLANE 

TIMER  A 


Frequency 

(Hz) 

Exc i tat i on 
Voltage 
( Vdc ) 

Operat i ng 
Current 
(ma  ) 

mmm 

HFn  • 

STATIC 

PRE-TEST 

30 

65 

5.6 

10 

3C 

65 

5.6 

25 

30 

65 

5.7 

50 

30 

66 

5.8 

75 

30 

66 

5.7 

100 

30 

66 

5.8 

200 

30 

65 

5.8 

300 

30 

66 

5.8 

400 

30 

65 

5.6 

600 

30 

65 

5.8 

800 

30 

65 

5.4 

1000 

30 

65 

5.4 

1100 

30 

65 

5.5 

1500 

30 

65 

5.4 

2000 

30 

65 

5.4 

STATIC 

POST -TEST 

30 

65 

5.6 

•  TABLE  9.  VIBRATION  TEST  DATA,  HORIZONTAL, 
90 -DEGREE  PLANE,  TIMER  A 


Frequency 

(Hz) 

Ex c  i  tat i on 
Vo  1 tage 
( Vdc ) 

Operat i ng 
Current 
(ma) 

Arm 

T  i  me 
( secs ) 

STATIC 

PRE-TEST 

30 

65 

5.7 

10 

30 

65 

5.9 

25 

30 

65 

6.0 

50 

30 

65 

6.0 

75 

30 

66 

6.0 

100 

30 

65 

5.8 

200 

30 

66 

6.0 

300 

30 

65 

5.8 

400 

30 

65 

5.8 

600 

30 

66 

5.5 

800 

30 

66 

5.8 

1000 

30 

66 

5.8 

MOO 

30 

66 

6.0 

1500 

30 

65 

5.4 

2000 

30 

65 

6 .  C 

STATIC 

30 

65 

5  7 

POST-TEST 

VARIABLE 


ARM  TIME  DEVIATION 
FROM  NOMINAL  5  SECONDS 


Functional  Forces  i  0.11  second 

Zero-Set  Position  i  0.05  second 

Temperature  t  0.05  second 

Vibration  i  0.02  second 

Other  Forces  i  0.02  second 

The  sum  of  the  arm  time  deviation  is  seen  to  be  ±0.25 
second  from  nominal,  which  corresponds  to  ±5  percent  of  5 
seconds  arm  time  for  worst  case  conditions.  This  accuracy 
tolerance  is  considered  achievable  in  production  with  the  pre¬ 
sent  EMT  configuration  modified  to  include  a  zero-set  bias 
spring  on  the  input  shaft. 

e.  Prime  Power  Requirements 

The  EMT  is  designed  to  operate  from  an  isolated,  remotely 
located,  AC  voltage  source.  Candidate  power  sources  include 
sidewell,  fluidic  and  acoustic  electric  generators.  Permissible 
excitation  voltage  frequency  range  is  from  1000  to  6000  Hz. 

The  root-mean-square  voltage  of  the  source  is  from  30  to  100 
volts. 

The  prime  power  requirements  for  the  EMT  were  measured 
using  a  DC  voltage  source  for  convenience  and  accuracy.  The 
minimum  operating  power .  requirements  are  as  follows: 

PEAK  REQUIREMENTS 

Input  Voltage  -  30  Vdc 
Input  Current  -  130  ma 
Input  Power.-  3.9  Watt* 

AVERAGE  REQUIREMENTS 

Input  Voltage  -  30  Vdc 
Input  Current  -  32  ma 
Input  Power  -  0.96  Watt 

The  foremost  requirement  for  an  advanced  RfcD  program  oc  this 
nature  is  to  develop  and  demonstrate  a  concept.  As  the  develop¬ 
ment  progressed,  operating  features  and  design  restraints  were 
added  to  the  original  concept  to  realize  a  prototype  EMT  readily 
integrated  into  future  development  efforts  for  specific  appli¬ 
cations.  The  Air  Force  Armament  Laboratory  realized  the  advan¬ 
tage  afforded  by  continued  efforts  and  exercised  the  trade-offs 
between  prime  power  consumption  and  improved  performance. 

The  trade-off s  *.  o  improve  performance  involved  a  dynamically 
balanced  system  to  insure  operation  under  high  gravitational 
forces,  a  40:1  force- to- f r i  -tion  ratio  for  accuracy  and 
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repeatability  of  arm  time;  and  realizing  prototype  hardware 
which  performed  satisfactorily  over  the  temperature  range  from 
-65°F  to  220°F  and  while  subjected  to  aircraft  vibration  levels. 
Hence,  a  reliable,  environmentally  resistant,  inherently  fail¬ 
safe  EMT  concept  easily  adapted  to  specific  munition  applica¬ 
tions  has  been  demonstrated. 

f.  Mechanically  Selectable  Timing 

A  concept  was  evolved  to  mechanically  select  arming  times 
while  maintaining  all  the  features  of  the  existing  EMT  design, 
including  fail-safe  operation.  This  concept,  illustrated  in 
Figure  24,  employs  a  cons tan t  mesh  gear  train  to  advance  a 
timing  gear  that  is  engaged  with  the  timing  disc  when  the 
minimum  time  is  selected.  Arming  times  greater  than  the  mini¬ 
mum  are  achieved  by  rotating  the  timing  qear  away  from  the 
timing  disc,  thus  increasing  the  rotational  travel  required  for 
arming.  This  is  accomplished  by  incorporating  the  timing  gear 
on  a  threaded  shaft  integral  with  the  timing  disc,  affording 
the  necesr  .ry  rotational  displacement. 

The  timing  gear  is  positioned  on  the  threaded  output 
shaft  by  the  time-set  gear,  integral  to  the  time-set  knob, 
via  the  time-set  pinion.  A  calibrated  arm  time  dial  is  pro¬ 
vided  with  graduations  corresponding  to  the  detented  time-set 
positions.  At  the  minimum  set  time,  in  this  case  5  seconds,  the 
timing  gear  is  rotated  down  the  output  shaft  until  the  relief 
engages  the  timing  disc  drive  pin.  Hence,  ratchet  wheel  rota¬ 
tion  immediately  results  in  timing  disc  displacement  through 
the  ratchet  wheel  pinion,  idler  gear,  and  timing  gear.  When 
the  timing  disc  is  displaced  120  degrees,  the  rotor  snaps  to 
the  armed  position. 

When  longer  arming  times  are  selected,  the  timing  gear  is 
appropriately  positioned  on  the  output  shaft  requiring  a  pre¬ 
determined  rotation  of  the  timing  gear  prior  to  engagement  of 
the  gear  relief  to  the  timing  disc  drive  pin.  Further  advance¬ 
ment  of  the  ratchet  wheel  initiates  the  required  120  degrees 
of  timing  disc  rotation  for  fuze  rotor  arming.  A  time-set  pin 
is  provided  to  engage  a  relief  in  the  timing  gear  to  accurately 
position  the  gear  for  the  maximum  set  time.  Therefore,  a  wide 
range  of  arming  times  are  available  constrained  only  by  the 
size  of  the  mechanism,  specifically  the  length  of  the  threaded 
output  shaft  and  idler  gear  thickness. 

The  set-time  mechanism  also  provides  a  return  to  the  zero- set  position 
when  prime  power  is  interrupted  as  occassioned  by  non-sustaincd  environmental 
requirements.  A  zero-set  spring  is  anchored  between  the  bottom  plate  and  the 
intermediate  shaft  that  supports  the  zero- set  gear.  The  idler  e,ear  is 
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Figure  24.  ENT  Fail-Safe  Mechanical  .Set-Time  Mechanism 


positioned  on  this  shaft  but  is  not  integral  with  it.  Therefore,  rotation  of 
the  tii-ic-set  gear,  during  arm  time  selection,  charges  the  zero-set  spring 
providing  the  required  force  to  reset  the  entire  gear  train,  including  the 
timing  gear,  when  the  hold  solenoid  pawl  disengages  the  ratchet  wheel. 
Furthermore,  the  ratchet  wheel  is  identically  returned  and  held  at  the  zero- 
set  position  due  to  the  small  bias  introduced  to  the  zero-set  spring,  re¬ 
sulting  in  accurate,  repeatable  timing  cycles. 

Fail-safe  cycles  are  insured  at  any  selected  time  settings, 
since  the  operating  time  base  of  the  electro-mechanical  system 
is  independent  of  gear  train  displacement  and  is  identical  to 
that  employed  in  the  fixed  delay  timer.  Therefore,  fail-safe 
operrtion,  85  to  90  percent  of  the  set  time,  is  readily 
achievable  for  any  selected  tins  setting. 


SECTION  III 


CONCLUSIONS 

The  concept  of  an  inherently  fail-safe,  electro-mechanical 
timer  lias  been  demonstrated,  achieving  program  objectives.  Two 
fundamental  timer  designs  were  developed  during  this  program. 

The  first  design  features  a  small,  lightweight,  inexpensive 
timer  compatible  with  presently  available  environmental  power 
generators  and  suitable  for  munitions  produced  in  large  quan¬ 
tities,  such  as  general  purpose  bombs.  The  second  design 
embodies  a  highly  reliable,  rugged  timer  for  sophisticated 
guided  weapon  applications.  Prototype  timers  were  fabricated 
and  tested,  demonstrating  a  high  degree  of  arming  time  repeata¬ 
bility  and  accuracy.  Arming  time,  as  a  function  of  excitation 
potential,  was  nearly  constant  over  the  specified  range  of 
input  voltages  and  environmental  conditions.  Pail-safe  opera¬ 
tion  was  demonstrated  with  simulated  electronic  and  mechanical 
failures. 

The  mechanical  design  simplicity  and  the  unique  generation 
of  the  electrical  time  base  offers  a  high  degree  of  flexibility 
for  numerous  applications.  Options  such  as  synchronization  to 
an  external  electrical  timing  source,  command  initiation,  and 
remote  timer  reset  have  been  readily  incorporated  into  the 
fundamental  design.  Mechanical  time  set  features  can  also  be 
incorporated.  The  simplicity  of  the  design  insures  high  perfor¬ 
mance  reliability,  repeatability,  and  system  cost-effectiveness. 

The  EMT  has  been  designed  for  external  resetting  after 
operation,  thus  permitting  complete  exercise  of  all  units.  No 
one-shot  components  are  employed  to  accomplish  the  timing  or 
arming  functions.  Failures  within  timer  or  with  external 
power  sources  result  in  either  restoration  of  the  EMT  to  the 
safe  condition  or  lengthening  of  the  arm  time. 

The  electro-mechanical  timer  concept  demonstrated  on  this 
program  offers  the  versatility  and  accuracy  of  an  electronic 
timer  while  affording  the  safety  of  a  mechanical  timer  and 
rotor  assembly,  including  an  out-of-line  interrupted  safe 
firinq  train.  This  unique,  inherently  fail-safe,  Erectro- 
Mechanical  Timer  concept  promises  to  tully  comply  with  all  the 
requirements  of  MIL-STD-1  JlftA.  Compliance  witn  the  proposed 
MIL -STD-1 316B  requirement  of  dual  rotor  locks  can  be  accom¬ 
plished  by  a  simple  modification  to  incorporate  a  second  rotor 
lock  to  be  activated  by  the  hold  solenoid.  The  resulting 
versatility,  accuracy,  and  sal.  ty  represents  an  improvement  in 
the  fu?irg  state-of-the-art  :or  many  weapon  systems  applications. 


APPENDIX 


SOLENOID  DESIGN  REQUIREMENTS  ANALYSIS 


SOLENOID  DESIGN  ANALYSIS 


ARMATURE:  Volume  *  Cylinder  plus  cone 

V  *  trd2 £/4  +  *d2h/12  *  (f  +  h/3)  nd2/4 

I  .  Mr2  «  Md2/4,  but  M  *  VS/ g 

» 

£  -  d2V6/4g  substituting  for  V 

I  »  U  ♦  h/3)  ird*5/16g 

6  *  0.283  lb. /in.1  ,  g  *  386.4  in. /sec. 2 
t  *  0.80  in. ,  h  *  0.162  in.,  d  *  0.187  in. 


(0.801  +0.7 
1.50  x  10*7 


0.187) * (0 . 283)/ 16  (386.4) 


PALLET  SHAFT:  Volume  ■  3  cylinders 

V  «  ird  *1  /A  +  tid  *t  /A  +  wd  2t  /A 
11  2  2  >1 

v  -  id  '(  t  d  ‘M  d  ln  V/A 
112  2  11 

I  *  Mr*/2  ■  Md*/8,  but  M  *  V6/g 

substituting  for  M 
I  *  V6da/8g 

substituting  for  v 


(d  l*f  ♦  d  "t  ♦  d  't  )  Sw/32g 

11  2  2  II  7 

d  -  0.06,  d  »  0.045,  d  -  0.031 
1  2  1 

l  •  0.47,  l  -  0.212,  l  -  0.1 

[12  1  M 

(0 . 06) *  (0 . 47)  ♦  (0.045)^(0.212)  ♦  (0.031)  *  (0.  lj 
x'  (0.283)  w/32  (386.4) 

5.07  x  10"l#  in.  lb.  sec.2 
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PALLET :  Volume  =  rectangular  prism 


V  *  iwh 

I  =  (t ■  «■  h  ) m/12  ♦  Mr* 

where  r  is  the  distance  from  the  rotational  center  to  the  center 
of  gravity  and  is  0.043  in. 

substituting  V5/g  for  M 

I  *  (£*  +  h‘ ) V*/12g  ♦  V6r2/q 

I  «  U‘7l2  ♦  h:/12  ♦  rMvi/g 

substituting  for  V 

I  -  (<*712  ♦  h2/12  ♦  r2)  fwvVq 

t  *  0.375,  h  -  0.092,  w  «  0.031 

S  -  0.283,  g  >  386.4 

I  »  |^0.375) 2/12  ♦  .0.092) 2/12  «■  (0.043) 

x  (0.375) (0.092) (0.031)  t0 .283) /386 . 4 
I  ■  1.12  x  10"'  in.  lb.  sec. 2 

PAWL:  Mass  determined  by  weight 
M  =  W/g 

I  «  Mr"  ■  Wr2/g 

w  *  1.06  x  10”’  pounds,  r  *  0.187 
I  *  (1.06  x  10" 1 J (0.187);/386.4 

I  ■  9.59  x  10“ *  in.  lb.  sec.2 

RATCHET  W1ILLL:  Volume  =  disc  «  -d'h/4 
r  «  Mr‘/2  *  Md2/8  and  M  *  Wq 

substituting  for  1 

I  =  7  ‘  d ' -Rg 


* 


l 


soostituting  for  V 


r  =-  -d“rh/32g 

h  =  0.04,  d  =  0 .  b  4 1 
*  -  3.283,  q  =  38b.  4 

I  =  (0.283)  (0.641)"  (0.04)’’/ 32  (386.4) 

I  =  4.86  x  10“’  in.  lb.  sec. 2 

No.  1  PINION  SliAl'T:  Volume  =  2  cylinders 

V  =  ?d  2  f  '4  *■  Fd  2r/4 

ii  i  i 

V  =  (d‘C  ♦  d  2  f  )  3/4 

11  2  2 

■  I  =  Mr:  >2  -  Md2/8  and  M  =  V‘i/q 
substituting  tor  M 
I  *  V«d2/8g 

substituting  for  V 

I  =  {difc£i  ♦  d  *(2)ir/i2q 

t’  »  0.075,  4f  =  0.876 

1  2 

d  =  0.154,  d  =  0.08 

i  i 

(0. 154)* (0.075)  ♦  (0.08)  *  (0.  S76^j  (0.283)r/32  (386.4) 

I  =  5.59  x  10-iin.  lb.  sec.  ‘ 

NO.  2  OEAR:  Volume  =  disc  -  Td‘h/4 
I  ®  Mr2/.?  =  Md2/8  =  V‘d*/Sq 

1  =  3d'*ht/32q  '  • 

d  =  0.701,  h  =  0.025 

1  (0.701)  ’  (0.025)  (0.2T83)'!  '32  (  386.4) 

I  -  4.J4  >;  10“  in.  lb.  sec. 2 

6  2 


No.  3  PINION  k  SHAFT:  Volume  ■  2  cylinders 


V  -  (d  *t  ♦  d  ) ff/4 

ti  it 

I  -  Mr2/2  ■  Md2/8  -  V5d2/8g 

I  -  (d  “*  ♦  d  ^  )6ir/32g 

112  2 

d  -  0.156,  d  -  0.071 
1  2 

l  -  0.331,  tt  -  0.545 

I  -  ^0. 156) “  (0.331)  ♦  (0.07)  “(0.545)1  (0.283)  n/ 32  (386.4) 

X  •  l.S  x  10**  in.  lb.  eec. 2 

No.  4  Gear  •  No.  5  Gear  -  No.  7  Gear  ■  No.  2  Gear  ■  4.34  x  10“ 1 
in.  lb.  sec. 2 

CLUTCH,  DRIVE i  Volume  -  2  cylinders 

V  •  (d  lt  ♦  d  lt  )w/4 

ii  it 

I  •  (d  "L  ♦  d  *1  )«w/32g 

II  2  1 

d  -  0.204,  d  -  0.347 
1  2 

t  -  0.104,  *2  •  0.159 

I  -  j(0.204)“  (0.104)  ♦  (0.347)“  (0 . 159  J  (0.283)w/32  (386.4) 

X  ■  1.79  x  10“’  in.  lb.  sec.2 

NO.  4  PINION  6  SHAFT:  Volume  -  3  cylinders 


(d  u 

♦  d  *1  ♦ 

d  2<  )w/4 

1  1 

2 

2 

i  i 

(d  “* 

♦  d  “*  ♦ 

d  “f  )f"32g 

1  1 

2 

2 

i  i 

d 

1 

-  0.435, 

d  -  0.168,  d  -  0.07 
2  1 

t 

a 

»  0.075, 

l  •  0.252,  l  •  0.54 

I  -  |(0 . 435)  *  (0.075)  ♦  (0 . 168)  *  (0 . 252 )  ♦  (0.07)  *  (0.54) 

x  (0.283) *  '32  (386.4) 

I  •  2.08  x  10“’  in.  lb.  sec.7 
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CLUTCH , 


RESET:  Volume  »  2  cylinders 


V 

I 

I 


I 

I 


(d  2f  ♦  d  2 l  )n/4 

II  12 

Mr*/2  »  Md2/8  *  V5d2/8g 


(d  V  +  d  ht  )<w/32g 

It  2  2 

d  «  0.275,  d 


0.157,  l 


0.347 

0.212 


|^0.275)  *  (0.157)  ♦  (0.347)  4  (0.212) 


2.86  x  10“ 7  in.  lb.  sec. 2 


TIMING  DISC:  Volume  -  2  cylinders 
V  ■ 


I 

I 


(d  2t  ♦  d  )*/4 

It  2  2 

(d  *(  ♦  d  "t  )iii/32g 

t  l  *  a 

d  -  0.66,  d  -  0.22 

t  2 

*  -  0.12,  ti  -  0.065 

1(0.66)- (0.12)  ♦  (0.22)  4  (0. 065jJ 

1.65  x  10“ *  in.  lb.  sec.2 


(0 


OUTPUT  SHAFT:  Volume  -  2  cylinders 
V  -  (d  ll  ♦  d  H  )*/4 

II  2  2 


I 

I 


(d  "t  +  d  V  )  6ir/32g 

l.  I  2  2 

d  m  0.215,  d  * 

t  2 


0.1 

0.289 


0.343,  l 
i  343)  ♦ 

5.48  x  10“'  in.  lb.  sec.2 


|^0.215)  4  (0. 343)  ♦  (0 . 1)  4  (0 . 289 ) 


(0.283)^/32  (386.4) 


.  283) w/32  (386.4) 


.283) r/32  (386.4) 


e 

ROTOR:  Volume  -  3  cylinders 

V  •  {d  H  -  d  ll  -  d  H  ♦  d  2f  )w/4 

11  ?  2  |  3  k  k 

I  -  (d  V  -  d  ‘f  -  d  “1  *  d  *f  )6*/32g 

il  7  2  )J  *  * 

d  -  1.0,  d  -  0.875,  d  -  0.36,  d  -  0.245 

it  t  % 

l  -  1.075,  t  -  0.160,  t  -  0.18,  t  -  0.095 

12  I  * 

I  -  |7l) “ (1.075)  -  (0.875) * (0.16)  -  (0. 36) *  (0. 18) 

♦  (0.245)  *  (0.09 5^j  (0.283)ff/32  (386.4) 

1  »  7.04  x  10*'  in.  lb.  sec.1 

The  gear  train  consists  of  an  input  shaft,  an  intermediate  shaft, 
an  output  shaft,  and  reset  shaft.  A  20.25:1  step  down  ratio 
exists  between  the  input  and  both  the  output  and  reset  shafts. 

A  4.5:1  step  down  ratio  exist*  between  the  input  shaft  and  the 
intermediate  shaft.  A  32.5446:1  ratio  exists  between  the  input 
shaft  through  the  reset  shaft  to  the  output  shaft. 

The  input  shaft  supports  two  ratchet  wheels  and  the  No.  1  pinion. 
The  intermediate  shaft  supports  the  No.  2  gear  and  the  No.  3 
pinion.  The  output  shaft  supports  the  No.  4  gear  with  drive 
clutch.  No.  7  gear  with  reset  clutch,  and  the  timing  disc.  The 
reset  shaft  supports  the  No.  5  gear  and  the  No.  6  pinion. 

Therefore,  the  moments  of  inertia  of  the  shafts  referenced  to  the 
input  shaft  can  be  determined. 

Z  ■  Moment  of  inertia  of  reset  shaft  referenced  to  the 
*l  input  shaft. 

I  •  (I  <•  I  )/20.25 

|  ! 

•  2.08  x  10"720.25  ♦  4.34  x  10*7/20.25 

■  3.17  x  10’*  in.  lb.  sec. 2 

I  ■  Moment  of  Inertia  of  the  reset  clutch  and  gear 
*'  referenced  to  the  input  shaft. 

I  •  (X7  Xrc)/32.5446 

-  (4.34  X  10_T  ♦  2.86  x  10-T ) /32 . S446 

*  2.21  x  10”*  in.  lb.  sec.2 
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I  ■  Moment  of  inertia  of  the  output  shaft  referenced 
11  to  the  input  shaft. 

-  (Itd  +  IH  ♦  lDC>/20.25 

*  (1.65  x  10"«  ♦  4.34  x  10 -»  ♦  1.79  x  10“7)/20.25 

1‘  «  1.12  x  10"7  in.  lb.  sec.1 

1 1 

I  ■  Moment  of  inertia  of  the  intermediate  shaft  ref* 

2 1  erenccd  to  the  input  shaft. 

«  (I  ♦  I  )/4. 5 
2  1 

-  (4.34  x  10“7  +  i.5  x  10“* 1/4.5 

I  ■  9.98  x  10“*  in.  lb.  sec.2 

1 1 

I  , *  Moment  of  inertia  of  the  input  shaft. 

1 1 

«  2Irw  ♦  T( 

-  2(4.86  x  10”7)  ♦  5.59  x  10‘* 

Ijt  -  9.78  x  10“7  in.  lb.  sec.2 

IT  ■  Total  moment  of  inertia  at  the  input  shaft. 


It  - 

I 

i 

1  ♦  I2, 

♦  I  ♦  I  ♦  I 

ii  <i  ii 

1 TOTAL 

m 

3.17  x 

10-*  ♦  2.21  x  10’*  1.12  x  10"7 

♦  9.98 

x  10"'  ♦  9.78  x  10“7 

IfOTAL 

u 

1.24  x 

10"*  in.  lb.  sec.2 

Torque  required  to  rotate  the  input  shaft  12  degrees  or  0.209 
radian  or  one  ratchet  wheel  tooth  in  8  x  10"J  second  is: 

T  »  I<«  but  »  *  29/t‘ 

T  «  2ie/t2 

-  2(1.24  X  10“*)  (0 . 209)  /  (8  X  10"V 

T  -  8.1  x  10*'  in.  lb. 

Calculate  the  rotor  spring  torque  required  to  align  the  rotor 
90  degrees  rotation  in  0.05  second. 


T  =  21‘Vt1 

T  *  2(7.04  x  10- 5 )  (tt/2)  /  (5  X  10-*)2 

T  *  8.85  x  10“J  in.  lb. 

Total  input  shaft  torque  is  the  gear  train  torque  plus  the  rotor 
sprinc  torque  referenced  to  the  input  shaft. 

Tt  «  8.1  x  10“’  ♦  8.85  x  10-V20.25 

To  =  1.25  x  10"*  in.  lb. 


(  T!;i '  !’•  *  !‘Si 
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(The  reverse 
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